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Introduction
The purpose of this article is to explore the knowledge production and external interaction activities of academic employees with non-academic work experience. Prior research has documented that work experience from industry influences the propensity of academics to engage in universityindustry collaboration as well as in commercialisation activities (Bozeman et al., 2013; Dietz & Bozeman, 2005; Clarysse et al., 2011; Abreu & Grinevich, 2013) . Prior studies have focused mainly on academic employees within science and engineering, and we will expand the perspective by looking at academic careers within all fields of science. There has lately been a call for research on crosssector mobility, particularly how experience from sectors outside academe influences academic work . We contribute here by investigating in detail the possible effects of non-academic work experience among academics. The main contribution of this paper is to compare work experiences from a range of settings, such as hospitals, schools, applied research institutes, public sector organisations, and firms, and to look at the effects of work experience on two aspects of academic work. In the science and innovation studies literature, much less is known about other types of work experience than from firms. Knowledge of academic employees and their competences is therefore limited, as it is fair to assume that many academics will have worked outside universities.
We build on the literature on "science and technology human capital" (Bozeman et al., 2001 ) which argues that diversity of job experiences will affect collaborative patterns and the exchange of human capital through the build-up of a wider variety of network ties (Bozeman et al., 2013) . This perspective has been used to shed light on, in particular, how university-industry relations may be tied to individual-level human and social capital among academics engaged in different types of activities and work (Dietz & Bozeman, 2005; Lin & Bozeman, 2006) . Some of these studies have pointed at tensions between pursuing a 'pure' academic career and having a wider set of work experiences and activities (see Bozeman et al., 2013) . Shedding light on this potential dilemma is important for making good advice to policymakers and university leaders. At first sight, the implications from research, which indicates that diversity of experiences is positive for external engagement, would be to recommend recruitment of more academic personnel with non-academic work experiences. But this advice neglects individual and discipline specific characteristics and the fact that academic employees have to meet several different performance criteria.
This paper will look into the issue of non-academic competencies in relation to academic work across multiple fields of science; an issue which potentially has wide implications for recruitment and human resource management policies in universities. The paper addresses the following research questions : First, what 
are the main differences between academics with and without non-academic work experience in terms of participation in external engagement activities and in terms of research performance? Second, to what extent do such differences vary by fields of science and types of nonacademic work experience?
To answer these questions, we analyse data from a survey with 4400 respondents from all academic disciplines and all universities and colleges in Norway. In the next section, we review the literature and formulate a set of hypotheses based on prior research and theory. After this, we turn to data and methodology and to the empirical analysis, discussion and conclusions.
Literature and hypotheses
The last 20 years have seen a strong growth in studies of university-industry relations. The first work on this issue was exploratory in nature, mapping universities' general importance to innovation (e.g. Rosenberg & Nelson, 1994) . Early empirical investigations focused mainly on research collaboration and commercialisation activities (see Rothaermel et al., 2007) . Later studies have emphasised the individual level rather than institutional aspects and a wider set of interaction activities and a broader range of academic fields (Gulbrandsen et al., 2011; Perkmann et al., 2013) . The general finding from studies that have looked at the heterogeneity of interaction patterns, is that there are subject-field specific patterns of interaction with external stakeholders, and that research partnerships and commercialisation activities are the least common forms (Bekkers & Bodas-Freitas, 2008; Abreu & Grinevich, 2013; Perkmann et al., 2013) .
These shifts and expansions means that the language and perspectives we use to denote universities' engagement in society have become more complex and, maybe, more confusing. What is now seen as relevant for understanding universities' societal role is two-way interaction with a large number of stakeholders, not just firms, echoing a shift in perspectives on innovation towards non-economic forms of innovation and wider social effects of innovation and entrepreneurship. Some of the literature still favours terms like academic entrepreneurship and university-industry relations, but in wider meanings than what was common 15-20 years ago. Concepts such as academic engagement (rather than entrepreneurship) and stakeholder interaction (rather than industry interaction and/or technology transfer) are increasingly preferred. In this article we will use the terms academic engagement and external interaction, and we see industry partnerships and commercialisation activities as subsets of these broader activities whereby academics work to diffuse and make use of scientific knowledge and expertise outside academe.
Earlier investigations have looked at individual-level determinants of interaction with firms or engagement in commercialisation of research. However, non-academic work experience has seldom been used as an explanatory variable. Studies that take a broader perspective on academic engagement see non-academic work experience as particularly interesting, but not a lot of empirical evidence has emerged on this issue so far. Non-academic work experience denotes an indirect linkage in itself, and many studies have tied this experience to external interaction, and in particular interactions that rely on personal contacts and networks (e.g. Abreu & Grinevich, 2013; Dietz & Bozeman, 2005) . However, we do not have broad-based evidence even on how widespread nonacademic work experience among academic employees is. 40 per cent of Lin & Bozeman's (2006) sample of researchers from industry-oriented research centres in the US had industry work experience, but the authors note that this is most likely much higher than elsewhere in academia. Consequently, there is a need for looking beyond a few disciplines (typically engineering and natural science) and a few types of institutions (typically leading and research-intensive universities) -as well as beyond industry employment only. For example, among academic staff in life sciences and medicine, employment based links to hospitals are important for understanding academic profiles and performance (van Rijnsoever et al., 2008) .
A recent large UK survey with more than 20,000 respondents looked at participation in different types of "academic entrepreneurship", ranging from licensing and spin-off activity to consultancy, contract research, informal advice and public lectures (Abreu & Grinevich, 2013) . A set of variables in the analysis concerned previous work experience, distinguishing between prior employment in small firms, large firms, the public sector and "third sector" (NGOs). Having no non-academic work experience was significantly and negatively related to all forms of academic entrepreneurship/ engagement, giving strong support to the notion that the type of networks acquired through job experience are central to external engagement. More nuanced findings were largely as expected, e.g. that public sector employment was negatively related to commercialisation and positively related to public lectures and informal advice. The finding that industrial work experience, particularly from small/newly established firms, is tied to engagement in commercialisation in a wider sense has been found in other studies as well (e.g. Lubango & Pouris, 2007) .
One explanation for these findings is that external interaction or engagement is costly in various ways. Many studies view networks as an individual resource that can be used for engaging in various activities and promoting one's career (van Rijnsoever et al., 2008) . These networks can be based on ongoing or earlier collaboration, but contacts from prior work experience probably represents an important network resource for academics.
In several studies made by Bozeman and colleagues, non-academic work experience is tied to the term "scientific and technical (S&T) human capital", which "is the sum of the scientist's technical knowledge and skills and ties to professionally relevant networks" (Lin & Bozeman, 2006:271, italics in original) . S&T human capital encompasses skills and knowledge related to educational background (a traditional concept of human capital) as well as to the know-how, tacit knowledge and know-who that comes with work experience and personal acquaintances (more related to social capital). The assumption is that work experience leads to skills and knowledge as well as a personal network, and that these are resources that can be drawn upon in later circumstances. S&T human capital is a multifaceted concept. One could talk about a "level" or "degree" of such capital, but it may be more relevant to look at how diverse it is and how it can be related to different forms of previous work experience. Diversity of S&T human capital has been a central explanation in investigations of publication and patenting productivity among academics (Dietz & Bozeman, 2005; Lin & Bozeman, 2006) and external collaboration (Lubango & Pouris, 2007; Abreu & Grinevich, 2013) .
This literature reviewed here leads us to expect that, in general, academics with non-academic work experience will have a more diverse S&T human capital than their peers, and that this may influence their behaviour in several ways that might to different degrees be instrumental for academic success.
Although the evidence is not very substantial at this point, prior research indicates that work experience from outside academia is positive for external interaction activities among academics (Hypothesis 1). As seen above, this has been found to be the case of prior industry work experience and academics' propensity for interacting with industry. We know little about whether other forms of non-academic work experience are equally important and how they relate to interaction with other sectors of society, but following the S&T human capital perspective and Abreu & Grinevich (2013) , we will expect that this is the case in academic fields that interact mainly with the public and third sectors as well.
At the same time, several research results point at tensions between engagement and more academic forms of success criteria. Dietz & Bozeman (2005) argue in general that previous industrial employment provides both "opportunities" and "contamination". Van Rijnsoever et al. (2008) found that an academic career (promotion) is strongly related to an individual's scientific network, but negatively related to industry work experience. Lin & Bozeman (2006) found that industry work experience negatively influences publications later in the academic career. The underlying reasons are not clear. It could be that the ones with non-academic work experience simply have fewer years of specialised scientific training or fewer years to publish. Lin & Bozeman (2006) find no differences in publication rates for a cross-section of a few years between those with and without industrial work experience, but significant differences over their entire careers. This clearly warrants further investigation, but based on earlier research the assumption would be that non-academic work experience has a negative effect on academic performance (Hypothesis 2).
Diverse S&T human capital can be tied to academic outputs and profiles in different ways. Intimate knowledge about practical work settings probably makes it easier for individuals to combine a formalised science and technology based innovation mode of work with a more informal practicebased mode of work, a combination that has been shown to be particularly related to high levels of innovation (Jensen et al. 2005) . Another likely effect of diverse networks is more openness in various phases of the research process; different types of openness have been shown to be based strongly on individuals' past experiences (Olmos-Peñuela et al., 2015) . As such diverse S&T human capital can be related to epistemic and cognitive aspects of research, for example related to much-debated concepts such as "transdisciplinary research", "research in the context of application" and combinations of quests for fundamental understanding and societal problem-solving (Gibbons et al., 1994; Stokes, 1997; Nowotny et al., 2001) . A major finding is that especially in new and crossdisciplinary research centres, academic careers are different than just a few decades ago, necessitating fresh perspectives on and investigations of traditional issues such as academic productivity and external networking (ibid., see also Bozeman et al., 2013) .
What this research seems to indicate is that in new and interdisciplinary research areas, academic careers are changing and that in certain areas there might not be a trade-off between academic productivity and untraditional academic careers. External work experience may enable academics to select interesting research problems and secure funding for their research, which may be positively related to research performance (Bozeman et al., 2013) . We therefore assume that the negative effect of non-academic work experience will vary by field of science, by sector of past employment and the duration of employment outside academe. To test this, we formulate the following hypothesis: Negative effects of non-academic work experience on research performance depend on the earlier sector of employment (Hypothesis 3).
The validity of these expectations is still an open question, which this paper seeks to find some answers to. Presently it is not clear how common non-academic work experience is among academics, how large the differences in interaction and research performance can be expected to be, and whether there are variations between types of non-academic work experiences and fields of science. Establishing a baseline from a complete set of a country's higher education institutions may therefore have some value in itself.
Methods, variables and data
To test the hypotheses, we use data from a survey of academic staff in Norway (N=4440) that contains information about a wide range of characteristics. In this paper, we draw on variables concerning prior work experience before entering the academic profession, participation in external interaction activities and information on research activities. In addition to the survey responses, we have matched the survey data with information on publication output for each individual that responded to the survey.
The survey was sent to approximately 80 per cent of the Norwegian population of academic employees, and received a response rate of 52.5 per cent. Tests were carried out to see whether the respondents differed from the whole population of academic employees in Norway in terms of age, type of position, place of work and discipline. They do not, and the data set is seen as representative of the whole population of academic staff members in the country -and it contains answers from around 40 per cent of all of them. The sample was drawn from a national registry containing address and other personal information about all tenured faculty members in Norwegian higher education institutions, meaning that PhD students and postdocs did not receive the survey. This is important because we want to look at the role of non-academic work experiences for performance in academic jobs, which means that individuals in tenured positions are most relevant as they have had longer careers.
All Norwegian higher education institutions were included in the sample (ranging from regional colleges to large research universities) as well as all fields of research. Compared to many other surveys, we cover fields that are normally not discussed in the literature on universities' external collaboration: large fields such as nursing, teacher training and business administration in addition to all the regular scientific disciplines. We believe this is an important contribution but it should also be kept in mind when comparing our results to those of other investigations.
Independent variables Prior work experience:
In the investigations referred to in the theory section, there is no standard way of asking about work experience. For most of the survey-based papers, it is not clear how questions were asked, and for those using CV information it is not clear which kinds, stages and duration of external employment would be most relevant (Lin & Bozeman, 2006) . Lin & Bozeman used a dummy variable (yes/no) and then collected information about the numbers, timing and length of industry employment from academic CVs. Since we could not collect as detailed information using a comprehensive survey that covered multiple issues, we chose instead to ask respondents about whether they had at least one year of full-time employment outside of academia after finishing their master's degree. We wished to avoid work experience to be related to part-time employment during education, for example. Our assumption was that a year of full-time employment after a master's degree would have lasted long enough to have an impact on their S&T human capital. A fairly lengthy job period might also have an influence on the mind-set and perspectives of the individuals.
The respondents that confirmed that they had at least one year of non-academic work, received a follow-up question asking them to list the sector of employment where they had mainly worked before taking up a tenured academic position (applied research institutes, healthcare, schools, other public organisations, private firms/industry). We thought it would be interesting to include large sectors such as healthcare and schools in addition to industry and the public sector to capture variety in non-academic work experience. In Norway, like in other countries such as Germany, Spain and the Netherlands there is a large research performing sector, besides firms and higher education institutions, where a little less than one-third of the research activities in the country are performed. There is a significant turnover from these research organisations to higher education institutions, and we wanted to see whether these individuals differed from their colleagues without this background.
We have furthermore added several control variables based on what is already known about external interaction and research performance. First, we include gender since a consistent finding in the literature is that women are less likely to engage in some forms of interaction (particularly commercialisation activities) than men (see Perkmann et al. 2013; Gulbrandsen et al. 2011 ). Second, we control for the research field, which as outlined above is a major influence on external interaction. Third, we include type of academic position because earlier investigations have found a clear seniority effect in external interaction -this is much more common among full professors. Our data allows us to distinguish between full, associate and assistant professors as well as academics in various leadership positions (department heads, deans, centre leaders etc.). Fourth, we add one variable concerning external funding. Earlier investigations have found a clear relationship between external funding and both external interaction and research performance (e.g. Gulbrandsen & Smeby, 2005; Larsen 2011 ). Finally, we control for the degree to which the respondents define their research activities as oriented towards basic research and applied research; earlier investigations have found that interaction is particularly common among those who predominantly define their profile as applied (Gulbrandsen & Smeby 2005) . The correlation between these variables is low. For example, although the ones with non-academic work experience have a more applied research profile, the correlation between these variables is only .14, and the correlation between basic and applied research is -.08. Other correlation coefficients are in this range which reduces problems of multicollinearity.
Dependent variables External interaction:
To measure participation in external interaction, we draw a question with many sub-items. We asked about whether the respondents during the last three years had participated in different types of external interaction, ranging from patenting to invited lectures (we use 18 items in total in our analysis). The categories were based on the survey reported in Abreu & Grinevich (2013) with a few minor adaptations to the Norwegian context. A factor analysis was applied using principal component analysis, Equimax with Kaiser Normalisation to balance concerns about level of factor loadings with unambiguous loadings on each factor (Brown 2009). This gave us four main categories: dissemination (popular science publishing, contribution to public debate, invited lectures for users/general public, participation at conferences with users/general public, consultancy/advice as expert), research collaboration (contract research with externally defined theme, collaborative R&D with public sector, collaborative R&D with industry, establishment of new infrastructure/labs etc. with stakeholders), commercialisation (development/testing of prototypes, applied for patent, started new firm, licensed research results) and training (further education at university/college, training of people at their workplace, own 'sabbatical' in external non-research organisations, placement of students in working life). Details about the factor analysis are found in Table 1. << Table 1 around here >> Research performance: As Lin & Bozeman (2006) acknowledges there is no standardised way to measure research performance. Number of scientific publications and the impact of those in terms of citation counts are standardised ways of measuring productivity and quality of publications. Lin & Bozeman (2006) measure scientific productivity by counting the numbers of publications appearing on individuals' CVs. It would also be possible to match survey data with bibliographic data in publication databases. We rely on the second option, and use data from a national bibliographic database. In Norway, a portion of public research funding is distributed based on publication scores. Each academic employee has to register all publications in a national database called CRISTiN, which contains a list of all approved journals and publishing houses that publishes academic books (they are checked for having serious peer review).
Approved scientific outlets are furthermore classified as Level 1 and Level 2 outlets. Level 2 outlets are the most significant and prestigious journals/publishers in each scientific field as decided by national disciplinary peer committees. No more than 20 per cent of the journals/publishing houses in each scientific field can be classified as Level 2. An article in a leading journal yields 3 publication points, while an article in a Level 1 journal yields 1; for book chapters the corresponding scores are 1 and 0.7 and a whole (non-edited) book yields 8 or 5 points. Publication points are adjusted for coauthorships, for example if there are three authors, each gets 1/3 of the points. A central value of using this database is that it covers both journals and other kinds of scientific publications (book chapters and books), which is necessary when studying research performance in multiple academic disciplines, especially fields such as social science and humanities. Using bibliographic information such as citation counts or impact factors would mean that we would not have information relevant for a substantial part of the sample. We opted to use to publication scores contained in CRIStin, and matched parts of the CRIStin database with our survey data set so that we have information about total publication points for each individual (adjusted for co-authorship) for a period of three years (2011, 2012 and 2013) , as well as the share of their publications at the most prestigious "Level 2". Information about the publications (journal, citations etc.) is not available.
We use this to construct two dichotomous variables related to productivity and quality. High productivity is defined as having more than 3 publication points in the period in question. As this applies to slightly less than 20 per cent of the respondents (the average number of points is 1.64), this is an adequate indicator to discern high performers. High quality is defined as having more than half of the publications in the leading "Level 2" journals and publishing houses, and more than one publication in total. This is done to avoid placing respondents with only one Level 2 publication in the high quality group. Our definition of "high quality publishing" also applies to around 20 per cent of the respondents. We have tested alternatives, including regular linear regression for the total count of publication points, but the same variables emerge as significant (see below).
More details about the variables used are found in Table 2 . In the regressions concerning external interaction, we control for the total number of publication points and the share of publications in the leading journals (Level 2). Correspondingly, in the regressions about research quality and productivity we control for the four types of external interaction.
<< Table 2 around here >>
Results
A surprisingly high number of the respondents in our survey, who all have permanent scientific positions in Norwegian universities and colleges, have full time work experience lasting one year or more after finishing their master's degree. 2281 individuals report this, representing 52.8 per cent, which is higher even than some of the investigations looking at external work experience for industry-oriented university research centres (Dietz & Bozeman 2005) . We show their distribution within each field of science and for each type of work experience in Table 3 . Differences between fields of science are highly statistically significant and largely as expected, for example that respondents from medicine and health have worked in the health and care sector. Non-academic work experience is common in all fields and the lowest share is 45 per cent among natural science respondents. The most common form of non-academic work experience is from industry, followed by the school sector (not universities/colleges). Industry experience is, as expected, most common in technology, but there is a fair share of respondents with such experience in other fields as well (lowest score in medicine and health). There are no differences between types of higher education institutions with respect to non-academic work experience, i.e. this is as common in the large research universities as in the more regionally oriented and applied university colleges.
<< Table 3 around here >> Without controlling for anything, we have also explored some differences between individuals with and without non-academic work experience when it comes to research profiles, shown in Table 4 . It can be noted that even if the differences are statistically significant, they are also quite small when it comes to research profiles. Individuals with non-academic work experience to a somewhat higher extent define their research as applied, and they see their research as focusing on fundamental understanding and scientific originality to a somewhat lesser extent. As expected, the ones with nonacademic work experience generally score higher on external funding of research, although the absolute differences are small here as well. The differences are particularly large related to funding from public organisations and from firms, which may be situations where social capital plays a higher role than when applying for research council funding or EU funding. There are no significant differences between the two groups when it comes to international funding as well as for funding from non-profit sources such as private foundations. Finally, academics with non-academic work experience have somewhat fewer publication points and a somewhat lower share of publications in leading international journals, compared to peers with no non-academic work experience.
<< Table 4 around here >> Turning to external interaction and a more sophisticated analysis, we find that non-academic work experience is significantly and positively related to dissemination, research collaboration and training, but not to commercialisation. The binary logistic regressions are shown in Table 5 . There are clear differences between fields, and they are largely as expected (for example humanities and social science more involved in dissemination, natural science and technology more in commercialisation).
Having an applied research orientation is positively related to all forms of external interaction, and having no external research funding negatively related to all forms. This is in line with earlier research and corresponds well to the S&T human capital perspective. Non-academic work experience is associated with a more diverse S&T human capital, which in various ways provides opportunities for external engagement.
<< Table 5 around here >>
The results from the comparison between academics with and without non-academic work experience are in line with prior knowledge; non-academic work experience is generally positive for external interaction. We do not, however, see strong indications of a normative preference for applied work among academics with non-academic work experience.
Our next step was to run the external interaction regressions including dummy variables for different types of non-academic work experience instead of the binary variable for such experience.
Interesting new patterns emerge here. The results of these regressions (shown in Table 6 ) are that for dissemination and training activities, academics with a background from schools or health care are significantly more active that academics with other backgrounds or no non-academic work experience. Academics with a background from applied research institutes are significantly more active in research collaboration, whereas academics with background from industry or hospitals are more active than their peers in research commercialisation activities. A background from the public sector is positively related to dissemination and training, and negatively related to commercialisation, confirming earlier research.
Looking more closely at the underlying data, we see that the respondents with experience from applied research institutes have a much higher score on almost all types of research funding, which is natural since these institutes are dependent upon external funding to a much greater extent than universities and colleges. It is still interesting that this funding-seeking behaviour seems to continue even when the individual has moved to a tenured position in academia. This provides further support to the S&T human capital perspective; this is something that seems to endure.
Turning to the research productivity and quality (Table 7) , the main influences here are related to seniority (being a full professor) and to an orientation towards basic research. Having external funding is also strongly related to productivity and quality (the causality is not clear, however, external funding may both be a "reward" for high research performance and a precondition for it).
Previous non-academic work experience in general is neither related to productivity and quality the way we have operationalised them. Looking at different types of experience, the ones who have previously worked in industry have a significantly lower score on productivity, while no such effects are found for other types of experience. Having worked in a research institute is positively related to quality before we adjust for external interaction but not after, while no such effect is seen for other types of non-academic work. The regressions also show that both productivity and quality are positively related to research collaboration, which may highlight the cumulative and interactive nature of research in general.
The ambition of the article has been to investigate the external interaction activities and research performance of tenured university employees that have non-academic work experience, compared to their peers with "pure" academic careers. When comparing the ones having non-academic work experience with academics without such experience, our data largely confirms prior research results about external interaction. Non-academic work experience is significantly and positively related to involvement in dissemination, training and research collaboration (see Table 5 .) Our analysis therefore provides evidence in favour of Hypothesis 1. The exception is commercialisation where we find a positive but non-significant relationship. This might be a result of the inclusion of large fields such as nursing, business administration, law and teacher training in the material.
When it comes to research performance, we find no relationship between our two indicators of productivity and quality and having non-academic work experience (Table 7 , first two columns). This leads us to reject Hypothesis 2. In general, there does not seem to be a trade-off (or a synergy) between non-academic work experience and performance. Basic research orientation, seniority and funding are the central variables related to performance.
In the more nuanced analysis of different types of previous work experience (Table 6 and last two columns in Table 7 ), we have found interesting differences in external interaction patterns and research performance which supports Hypothesis 3. There are major and largely expected variations between the types of work experience. For example, a public sector background is positively related to dissemination and training and negatively related to commercialisation; work experience from industry is positively related to research collaboration and commercialisation and negatively related to research productivity. This probably indicates that the most important mechanisms of interaction between higher education institutions and the rest of society differ significantly between sectors. It may also reflect differences between the academic fields, as sectors of employment for researchers in different fields vary considerably (see Table 3 ). An implication of these findings is that the general perspective on inter-sector mobility as valuable for external knowledge interaction is confirmed, but that only certain kinds of prior work experience are important for knowledge transfer between universities and industry. Our findings indicate a similar relationship between past employment in public sector, education and health organisations (common among academics in health and medicine, social science and humanities) and academics' propensity to engage in training and dissemination activities.
Our data indicates that there are enduring networks between sectors of employment and fields of science; academics in all fields of science continue to draw upon networks and resources related to the sector of their earlier employment. External work experience leads to more diverse S&T human capital, but there are limits to this diversity. This is not unexpected, and our data also reveal that prior work experience from public sector organisations and industry is strongly related to receiving funding from these sources.
Work experience from applied research institutes is associated both with external interaction and to some degree with research quality. It seems this group to a greater extent experiences a synergy rather than trade-off between investment in broader competencies and an academic career. For those with industrial work experience, there seems to be a trade-off in terms of research productivity. These findings contribute to a better understanding of the mixed evidence for a career tension perspective that has emerged in prior research (Bozeman et al. 2013) , by indicating that the trade-off is clearly present in some fields of science where career paths inside and outside the academe are much more different than in other employment sectors and fields of science. Again these results provide some support for Hypothesis 3. The positive relationship between quality and external interaction is in our case specific to individuals with prior work experience from applied research institutes. There is probably a selection effect at play here, where the most academically interested applied researchers are in various ways encouraged to apply for a university or college career.
Discussion and conclusions
The aim of this paper has been to contribute to new knowledge about the academic population, the diversity of competencies possessed by academic staff and how prior work experience influences academic performance. Earlier research has found that academics who prior to taking up employment in universities have advantages when it comes to external interaction (Abreu & Grinevich, 2013) but disadvantages when it comes to research performance (Lin & Bozeman, 2006 ; Van Rijnsoever et al. 2008 ). However, research on this topic is based on empirical data from just a few fields of science, has targeted prior industry employment only, or the results have been unclear. There have been few empirical studies of diverse career trajectories outside natural sciences and technical/engineering fields, and in general, how experience from other sectors is used in academia . This article has sought to make a contribution by investigating academics within all fields of research with multiple kinds of prior work experience. Apart from the gap in the scientific literature, findings might have wide implications for recruitment and human resource management (HRM) policies in universities.
Our results support and challenge existing knowledge. It should first be noted that non-academic work experience is common; 53 percent of our 4,400 respondents report this and the share is high within all fields of research although the sector of earlier work experience differs between fields. Compared to earlier investigations based primarily on previous industry employment these figures seem high, and they indicate the great diversity of scientific and technical human capital in academia. Second, the results support the hypotheses derived from prior research concerning the positive effect of non-academic work experience on external interaction. Dissemination, external research collaboration, commercialisation and training activities (not part of regular teaching and supervision) are all positively related to non-academic work experience. Third, unlike earlier investigations we do not find strong indications of a punishment effect on research performance. Although non-academic work experience is related to a more applied research profile which is negatively related to publication productivity and quality in our data, such experience does not in itself have a significant relationship with performance. Finally, we find that the past sector of employment matters particularly for external engagement and to some extent for research performance. Industry experience is significantly and positively related to all forms of external interaction except training, but negatively related to research productivity. With the exception of experience from applied research institutes, all forms of non-academic work experience are negatively related to academic productivity, but only industry experience significantly so.
In total our data do not support the notion of a trade-off between non-academic work experience and academic results, but they do not indicate synergies either. The S&T human capital gained by non-academic work experience does have a profound influence on the profiles of academics: they describe their work as slightly more applied and have a much stronger orientation towards interaction with actors outside of academia, as can be expected. Our data indicate that the effects of this are nuanced. On the one hand, non-academic experience is associated with higher levels of external research collaboration which is positively associated with publication productivity and quality. On the other hand, such experience is also associated with more involvement in training and commercialisation, and these are negatively related to productivity. The reasons are unclear and warrant further research; some of these activities may have particularly little in common with academic publication, or they may simply be very time-consuming.
Our study has some shortcomings which should be taken into account. It is based on self-reported data on careers and the definition of non-academic work experience is a fairly broad one: postgraduate work experience of at least one year. This is a less strict definition compared for instance to the one used by Bozeman & Lin, 2006) . This can probably explain why more than half of the respondents have non-academic work experience. Research drawing upon CV data might offer a better way to measure the extent and depth of work experiences and could also better measure the importance of non-academic work experience at different stages of a career path (Canibano & Bozeman, 2009; Geuna et al., 2015) . Likewise, we use self-reported data on experiences with interaction with external stakeholders, and have not asked for details about duration or intensity of interactions and partnerships. However, we have used register-based data on research productivity and quality that are more unobtrusive than self-reported data. An interesting approach in later research may be to use a matched pairs approach where individuals with similar backgrounds (gender, field of science, age etc.) yet different career patterns are compared to one another using broader and possibly longitudinal data.
Several issues for policy makers and managers may be discussed. Hiring researchers with nonacademic work experience is clearly valuable for increasing external collaboration but may not always beneficial for academic goals, especially with respect to experience from industry. This mixed message represents a policy and management challenge for universities that use recruitment and personnel management to support institutional goals. Universities are looking to recruit the most talented researchers with a potential for high scientific productivity and quality. At the same time they want academics that are motivated to communicate research results and to make an impact. One solution could be to recruit academic staff members with non-academic job experience who at the same time express a clear interest in basic research. This study indicates that public laboratories and other applied research institutes could potentially be a training ground for these kinds of researchers, at least in the Norwegian context. Another strategy would be to recruit promising scientists and integrate them in larger and more diverse groups with seniors of different backgrounds. As seen above, there is a strong seniority dimension involved; full professors take a greater role in external engagement activities and also score higher on quality and productivity even in a short time span. Finally, less emphasis has been placed on the training dimension of external interaction compared to commercialisation, dissemination and research collaboration. In our data training is very common and positively related to non-academic work experience. More nuanced forms of performance and promotion criteria may be needed to accommodate this dimension. 
